Background Although laparoscopic colectomy is reported to have favorable outcomes compared with open colectomy, it has yet to gain widespread acceptance in the United States. This study sought to investigate whether hospital volume is a factor determining the use of laparoscopy for colectomy. Methods Using the Nationwide Inpatient Sample (NIS, 1998(NIS, -2006, patients undergoing elective colon resection with and without laparoscopy were identified. Unique hospital identifiers were used to divide hospital volume into equal thirds, with the highest third defined as high volume and the lower two-thirds defined as low volume. The primary end point was the use of laparoscopy after adjustment for patient and hospital covariates. Results A total of 209,769 colon resections were performed in the study period. Overall, only 8,407 (4%) of these resections were performed with laparoscopy. Highvolume centers, which tended to be large, urban teaching hospitals, treated more patients in the highest income bracket and patients with private insurance than low-volume hospitals (p \ 0.0001). High-volume hospitals used laparoscopy more often than low-volume hospitals (5.2% vs. 3.4%). After adjustment for covariates using multivariate analysis and propensity scores, analysis showed that patients with private insurance and those in the highest income bracket were more likely to receive laparoscopy (p \ 0.0009). High-volume hospitals were more likely to perform laparoscopically assisted colectomy than lowvolume hospitals (odds ratio [OR], 1.42; 95% confidence interval [CI], 1.23-1.56). Conclusions Socioeconomic differences appear to exist between high-and low-volume hospitals in the use of laparoscopy. High hospital volume is associated with an increased likelihood that colectomy will be performed with laparoscopy.
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Keywords Colectomy Á Laparoscopic colectomy Á Laparoscopy Á Length of stay Á NIS Á Propensity scores Improved technology and innovation combined with surgical expertise have greatly advanced the field of general and minimally invasive surgery. Several gastrointestinal surgeries currently are performed routinely using laparoscopy with excellent outcomes, to the point that the laparoscopic approach has become the standard of care in many clinical scenarios [1] [2] [3] .
Although laparoscopic colectomy is reported to have favorable outcomes compared with open colectomy, it has yet to gain widespread acceptance in the United States [4] [5] [6] [7] . This may be due to longer operating times and a significant learning curve for laparoscopically assisted colectomy [8, 9] .
In population-based studies, high hospital volume has been linked to improved patient outcomes after surgery [10] [11] [12] [13] . This volume-outcome relationship has been shown to exist for colorectal surgery as well [14, 15] . Given the outcome benefits of high volume and the laparoscopic approach, we sought to examine whether hospital volume was an important factor predicting the likelihood that a colectomy will be performed with laparoscopic assistance.
Methods and patients
We used the Nationwide Inpatient Sample (NIS) for the years 1998 to 2006 to extract data for all patients with a primary ICD-9-CM procedure code for any type of colon resection (Table 1) . Our methods have been described previously [13, 16] . The NIS is the largest national allpayer hospital inpatient care database in the United States. Supported by the Healthcare Cost and Utilization Project (HCUP), it contains all-payer discharge information for 100% of patient discharges from participating hospitals. Data exist for approximately 7 million hospital discharges per year from a stratified sample that includes 20% of nonfederal U.S. community hospitals from participating states, including academic and specialty hospitals. The NIS contains hospital-level information obtained from a direct link to the American Hospital Association's annual survey of hospitals, which includes hospital type (teaching/nonteaching) and geographic region (Northeast, West, South, Midwest), as defined by the U.S. Census Bureau. Each record in the NIS represents a single hospital discharge and includes a unique identifier.
The study was reviewed by the University of Massachusetts Institutional Review Board (IRB) as appropriate for exemption from IRB oversight because no personal identifiers were used among the registry data.
Study population
Diagnoses and procedures were identified by the Clinical Modification of the International Classification of Diseases, 9th Revision (ICD-9-CM) diagnostic and procedure codes.
All patients with a primary ICD-9-CM procedure code for any type of colon resection were identified and included in our initial cohort (Table 1) . Patients younger than 18 years were excluded from the data set. Only elective cases of colon resection were included. Therefore, all urgent or emergent admissions were excluded.
Hospital volume
Unique hospital identifiers were used to determine the number of colon resections performed at each hospital. Hospital identifiers remain the same throughout the different years of the NIS and are linked to hospital characteristics via the American Hospital Association's annual survey, as described earlier. Each record in the NIS is considered a single unit assigned to a specific hospital. Due to NIS sampling, it is possible for a hospital to be included one year but not included the following year. Additionally, a hospital's volume may change yearly. As a result, hospital volume was calculated on an annual basis. Extrapolation of the data set using institutional weighting was not performed. Hospital volume was divided into equal thirds based on the number of colon resections performed per year. Descriptive and univariate data were analyzed by keeping volume groups in thirds and by creating a dichotomous variable in which high volume (HV) represented the upper third in hospital volume (C105 colon resections per year), with low volume (LV) accounting for the remaining two-thirds of hospital volume (\105 colon resections per year).
Variables
Patient demographics and hospital characteristics are captured in the NIS. Age is maintained as a continuous variable. Race is divided into white, black, Hispanic, or other, including but not limited to Asians, Pacific Islanders, and Native Americans.
The income bracket is a categorical variable derived from the median household income of the patient's zip code of residence. From 1998 to 2002, these quartiles were defined based on 1999 demographics such that the maximum of the first quartile was 150% of the poverty level, and the boundary between the second and third quartiles was the national median income. From 2003 to 2006, the quartiles were adjusted annually to divide patients equally, again, with the boundary between the second and third quartiles being the national median income.
Payer type was divided into four groups: Medicare, Medicaid, private insurance, or other. Hospital size was reported in thirds as small, medium, and large. The cutoff for each third was different depending on the region, location (rural/urban), and teaching status of the hospital, so that hospitals were divided approximately equally. Hospital region, location, and teaching status also were examined individually. For purposes of risk adjustment, coexisting comorbidity was compiled to create an Elixhauser comorbidity index [17] . This index identifies 29 disease entities considered to be true preoperative comorbid conditions associated with adverse outcomes for hospitalized surgical patients. Patients were given a score of 0, 1, 2, or C 3 based on the number of comorbidities.
Case-control analysis Propensity scores for treatment at HV centers were used to investigate further whether differences in outcomes by hospital volume were dependent on disparities in the patient population, hospital characteristics, and patient comorbidities [18] . The use of propensity scores has the advantage that the model is not constrained with overfitting, multiple testing, or the conventional p less than 0.05 criteria for variable inclusion.
The candidate factors for the propensity model were important demographic and disease factors including age, sex, race, insurance type, high income, and Elixhauser comorbidity score. Hospital characteristics included teaching status, urban location, hospital bed size, and hospital region. The propensity groups effectively reduced all these differences between patients.
We used a Greedy 5 ? 1 digit-matching algorithm for matching [19] . This algorithm first matches on five digits of the propensity score, then subsequently on four, and so on. To optimize the matching for elimination of all demographic differences between patients, the algorithm was modified so that seven digits of the propensity score were used for matching.
A matched cohort was created in which all demographic/disease characteristic differences between HV and LV hospitals were effectively eliminated, allowing us to evaluate the effect of hospital volume in a case-control fashion. Differences in demographic or disease characteristics between adjusted HV and LV hospital groups was determined by the chi-square test.
Outcomes
The primary end point examined in this study was the performance of laparoscopy with colon resection. Because no distinct ICD-9-CM procedure code exists for laparoscopic colon resection, we identified procedures performed laparoscopically using additional ICD-9 procedure codes for laparoscopy (54.21) and laparoscopic lysis of adhesions (54.51). This approach has been previously validated [2, 3, 5, 20] .
We also examined in-hospital mortality, hospital length of stay (LOS), and any postoperative complication as secondary outcomes. Mortality was defined as death from any cause before hospital discharge. Prolonged LOS was defined as any stay exceeding the 90th percentile of the whole cohort, which was 12 or more days. A categorical value then was assigned if the hospital stay was above the 90th percentile or not. This captured the complicated cases and long hospitalizations while reflecting atypical discharge patterns. Postoperative complications included common complications associated with high-risk surgery such as myocardial infarction, aspiration pneumonia, deep vein thrombosis, pulmonary compromise, gastrointestinal hemorrhage, perforation, and reopening. A single dichotomous variable for any complication was used in the analysis.
Statistical analysis
Data were analyzed using SAS software release 9.1 (SAS Institute, Cary, NC, USA). Categorical variables were tested for statistical significance using chi-square analysis. Continuous variables were tested using the t-test. Temporal trends were assessed using the Cochrane-Armitage trend test. Statistical significance was defined as a p value less than 0.05.
We first examined the benefits of laparoscopy and high volume through univariate and multivariate analysis of the initial cohort. Univariate predictor variables with p values less than 0.10 were included in the multivariate logistic regression analysis. Logistic regression then was used to generate propensity scores to minimize bias from nonrandom assignment of patients to HV or LV hospitals. Covariates included age, gender, race, insurance type, high income, comorbidities, and hospital characteristics. The resulting matched cohort from these propensity scores was subsequently analyzed. Univariate analysis was performed on this cohort using the chi-square test for categorical variables and the t-test for continuous variables. Logistic regression was used on this cohort to identify the extent to which specific variables, including hospital volume, affected the performance of laparoscopy, with control used for patient demographics and hospital characteristics. A HosmerLemeshow goodness-of-fit test was performed to confirm the final model. All results in the regression model were represented by odds ratio (OR) and 95% confidence interval (CI). All regression models were performed separately. Demographic characteristics of the patients undergoing colon resection from 1998 to 2006 are shown in Table 2 . As described earlier, admissions to an HV center (n = 68,015) accounted for one-third of the overall admissions, with the remaining two-thirds (n = 141,754) constituting admission to LV centers. Compared with LV centers, HV centers tended to be large (83.1% vs. 51.5%), urban (99.1% vs. 79.6%) teaching hospitals (69.1% vs. 32.6%) (p \ 0.0001 for all). Patients undergoing surgery at HV centers tended to have private insurance (48.6% vs. 39.5%) and to be in the highest income bracket (43.4% vs. 29.4%) compared with patients at LV centers (p \ 0.0001 for both).
Results

From
Unadjusted outcomes in the unmatched cohort are shown in the bottom portion of Table 2 . Compared with LV centers, HV centers had a lower unadjusted LOS, a lower percentage of patients experiencing a prolonged LOS or postoperative complication, and a lower unadjusted inhospital mortality (p \ 0.0001 for all). Overall, HV centers performed a higher percentage of colon resections with laparoscopy than LV centers (5.2% vs. 3.4%) (p \ 0.0001).
To examine the benefits of volume in colon resection further, multivariate logistic regression was performed on the initial cohort to adjust for covariates (including comorbidities) with the outcomes of a prolonged LOS, any postoperative complication, and in-hospital mortality. A colon resection performed at an HV instead of an LV center conferred a lower likelihood of a prolonged LOS (OR, 0.84; 95% CI, 0.80-0.87) or a postoperative complication (OR, 0.88; 95% CI, 0.84-0.92). Furthermore, in our cohort, HV centers conferred a significant in-hospital mortality benefit compared with LV centers (OR, 0.71; 95% CI, 0.64-0.80). A similar multivariate analysis was used to show the benefits of a laparoscopy in colectomy. A colon resection with laparoscopy is associated with a lower likelihood of a prolonged LOS (OR, 0.52; 95% CI, 0.46-0.58) or a postoperative complication (OR, 0.75; 95% CI, 0.67-0.84). Furthermore, there is a lower odds of in-hospital mortality with laparoscopy than with open colectomy (OR, 0.54; 95% CI, 0.38-0.77). We also examined the association between volume and laparoscopy, finding that, significantly, HV centers were more likely to perform colon resections laparoscopically than LV centers (OR, 1.49; 95% CI, 1.40-1.59).
A cohort matched on the basis of hospital volume was created using propensity scores. This cohort consisted of 46,020 patients divided equally into two groups based on hospital volume (23,010 patients in both the LV and HV groups). All known differences between patient demographics, hospital characteristics, and patient comorbidities were eliminated in this cohort for the sake of comparison (Table 3) . This allowed for analysis of outcomes based on hospital volume alone while reducing selection bias based on patient demographics and hospital differences.
Univariate outcomes in the matched cohort are displayed in the bottom portion of Table 3 . This analysis showed that the benefit in terms of LOS, postoperative complications, and in-hospital mortality persisted in this propensity-matched, adjusted cohort (all p \ 0.0001) for HV centers versus LV centers. Furthermore, in this matched cohort, HV centers performed a higher percentage of their colon resections with laparoscopy than LV centers (4.8% vs. 3.5%; p \ 0.0001). We used multivariate logistic regression on the matched cohort to examine specific factors associated with the performance of laparoscopy with colectomy. The results of this regression are shown in Table 4 . Factors associated with an increased likelihood of receiving laparoscopy with colectomy included having private insurance, being in the highest income bracket, and being treated in urban and teaching centers. Patients with comorbidities were less likely to receive laparoscopy with colectomy. Despite a case-controlled analysis, treatment at an HV hospital was associated with an increased likelihood of receiving colon resection with laparoscopy (OR, 1.42; 95% CI, 1.23-1.56).
Discussion
In this study of the NIS from 1998 to 2006, we show that the annual number of colon resections increased in the United States during the study period, and that the proportion of these procedures performed with laparoscopy also increased. Nevertheless, the overall percentage of colon resections performed with laparoscopy remained low (4%). Significant outcome benefits were observed at HV centers compared with LV centers in terms of LOS, postoperative complications, and in-hospital mortality. We also found significant benefits of laparoscopically associated colectomy compared with open colectomy in terms of those outcomes. To control for the significant patient and demographic differences seen between HV and LV centers, a case-controlled matched cohort eliminating demographic, comorbid, and hospital differences was used. High-volume centers were 42% more likely to perform colon resection with laparoscopy than LV centers. Our findings suggest that the outcome benefits seen at HV centers may be due to availability of advanced surgical techniques, which argues in favor of possible regionalization for colon resections.
Birkmeyer et al. [10, 12, 21] found benefits in hospital volume for several complex procedures including heart and lung surgery and abdominal cancer resections. Specifically for colectomy, Birkmeyer et al. showed that after hospital volume is divided into quintiles, the three highest quintiles exhibit a significant adjusted mortality benefit compared with the lowest quintiles [10] . Dimick et al. [14] concluded in an administrative study that, especially for the elderly, hospitals performing higher volumes of colorectal resection for colorectal cancer have lower mortality rates. Another study examining hospital volume and colectomy for ulcerative colitis showed that the odds of death at lower volume hospitals were at least twice that at HV hospitals [15] . Our study confirms this volume-outcome relationship by showing a mortality benefit of 30% at HV centers compared with LV centers, and further extends this relationship to show a lower likelihood of prolonged LOS and postoperative complications at HV centers.
Use of laparoscopy for colon resection appears to be increasing in the United States. We demonstrate a strong relationship between laparoscopy with colectomy and improved outcomes in terms of LOS, postoperative complications, and in-hospital mortality. Several past studies have successfully shown that the outcomes for laparoscopically assisted colectomy and open colectomy are similar, whereas the laparoscopic approach confers a shorter LOS and lower morbidity. In a multi-institutional, randomized, prospective study, the rates of recurrent cancer were similar for both the laparoscopic and open approaches to colectomy for colon cancer [22] .
A recent retrospective study found that laparoscopy was independently associated with a reduced rate of postoperative complications and morbidity [6] , whereas others have demonstrated a shorter LOS and a lower rate of wound infections [22] [23] [24] [25] . Our examination of the NIS shows significant benefits of laparoscopically assisted colectomy over open colectomy, with a 48% reduction in the likelihood of prolonged LOS, a 25% reduction in the likelihood of postoperative complications, and most importantly, a mortality benefit of 46%.
To our knowledge, this is the first study to show a clear and important relationship between high hospital volume and the use of laparoscopy with colectomy. Before any adjustment, the findings showed a higher percentage of procedures performed with laparoscopic assistance at HV centers than at LV centers, and this difference persisted after propensitymatched, case-controlled analysis to account for possible confounders and reduce selection bias. High hospital volume was shown to be an independent factor for the use of laparoscopy, increasing the odds by 50%. Our findings indicate that a possible reason for volume-outcome benefits seen particularly with complex surgical procedures may be the availability of advanced techniques and access to them in addition to experience. Past studies have shown socioeconomic and demographic disparities in access to both laparoscopy and higher volume centers [26] [27] [28] .
The use of propensity scores to create a risk-adjusted, demographically matched cohort based on hospital volume was an important advantage of our study. Propensity scores reduced the entire collection of observed background characteristics to a single variable that appropriately summarized those characteristics [18] . This allowed for a straightforward analysis of whether the HV and LV groups had enough overlap with respect to observed background covariates, including comorbidities, for a true assessment of the effect that hospital volume had on the use of laparoscopy. The two hospital volume groups in our propensity-matched cohort were virtually identical with respect to 10 background characteristics, namely, 5 patient demographic characteristics, an index of 29 patient comorbidities, and 4 hospital characteristics.
We acknowledge several limitations of this study. It was a retrospective study that had the associated constraints due to the level of the NIS data. As such, it was not possible to analyze any longer-term outcomes than the inpatient hospital stay itself. Our study used population-based data with only limited information on patient and treatment factors, thereby limiting our evaluation of medical factors such as malignant disease staging and extent of nonmalignant disease. Although the NIS is the largest all-payer database of hospital discharge records in the United States, there is no guarantee that our cohort is representative of local demographics and medical practices, which may vary by state and community.
Despite the strengths of propensity-matched cohorts mentioned earlier, an inherent weakness of observational studies is that matching can occur only on the basis of observed characteristics, making it difficult to reduce potential confounding due to unobserved characteristics. Because we matched on the basis of 10 background characteristics, and given our sample size, we believe that our propensity-based adjustment was nevertheless as robust as possible in this retrospective analysis. Most importantly, specific codes for the laparoscopic procedures in these organ resections were not available. This cohort may not reflect the true cohort that underwent the procedure with laparoscopy. We attempted to acquire a robust cohort by using ICD-9-CM codes for both laparoscopy and laparoscopic lysis of adhesions, as described by others [2, 3] . Nevertheless, we still can draw conclusions regarding general proportional and temporal trends with these data.
The relationship between volume and the use of laparoscopy likely is multifactorial. In our study, HV centers were overwhelmingly large urban teaching centers, indicating that perhaps increased funding and a focus on research and development lead to quicker adoption of more advanced surgical techniques. Additionally, the HV center, by virtue of its high volume may afford surgeons more opportunities to learn such advanced techniques in a shorter time.
In conclusion, HV centers are more likely to perform colon resection with laparoscopic assistance than lower volume centers. There are important outcome benefits from high hospital volume and laparoscopy as well as possible disparities in access to HV centers and advanced techniques. It is therefore necessary to examine barriers to adoption of laparoscopy and access to laparoscopic procedure, and to discuss these at a policy level.
